The H'-ATPase of tonoplast vesicles isolated from red beet (Beta vulgaris L.) storage tissue was studied with respect to the kinetic effects of Cl and N03-. N-Ethylmaleimide (NEM) was employed as a probe to investigate substrate binding and gross conformational changes of the enzyme. Chloride decreased the K., of the enzyme for ATP but caused relatively little alteration of the V... Nitrate increased K. only. Michaelis-Menten kinetics applied throughout with respect to ATP concentration. Nitrate yielded similar kinetics of inhibition in both the presence and absence of ClT. Other monovalent anions that specifically increased the K. of the ATPase for ATP were, in order of increasing K,, SCN-, C104-, and C103-. Sulfate, although inhibitory, manifested noncompetitive kinetics with respect to ATP concentration. ADP, like NO3-, was a competitive inhibitor of the ATPase but ADP and N03-did not interact cooperatively nor did either interfere with the inhibitory action of the other. It is concluded that N03-does not show competitive kinetics because of its stereochemical similarity to the terminal phosphoryl group of ATP. NEM was an irreversible inhibitor of the tonoplast ATPase. Both Mg -ADP and Mg * ATP protected the enzyme from inactivation by NEM but Mg * ADP was the more potent of the two. Chloride and N03-exerted little or no effect on the protective actions of tion activities (1); (b) only low activities of marker enzymes for other identifiable membranes also equilibrate at the same density (14); and (c) the ATPase and PPase activities of the low density fraction are quantitatively and qualitatively similar to those of intact vacuoles ( 16, 20) .
Electrogenic H+ translocation is thought to be the primary transport event across the plasma and vacuolar membranes of plant cells (18) . A pH gradient (inside-acid versus cytoplasm) and sometimes an electrical potential difference (inside-positive versus cytoplasm) can be measured across the vacuolar membrane (tonoplast) of intact cells (10) . Together with the demonstration of ATPase activity and ATP-dependent electrogenic H+-translocation into isolated vacuoles, these findings have established the existence of a H+-translocating ATPase in tonoplast (19) .
With the development of techniques for the preparation of sealed membrane vesicles from various plant tissues, several laboratories have demonstrated an electrogenic H+-ATPase associated with low density microsomes (15) . The low density microsomes are identified as tonoplast according to three primary criteria: (a) vesicles prepared from intact isolated vacuoles equilibrate at the same density (about 1.10 g/ml) upon density centrifugation and show similar enzyme (20) and H+-transloca- ' Supported by the Natural Sciences and Engineering Research Council of Canada and the Department of Education of Quebec.
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The H+-ATPase of tonoplast is characterized as such on the basis of its stimulation by Cl-and its inhibition by NO3- (19 (Fig. 1) . Providing that uncoupler (5 Mm gramicidin D) was included in the assay media, the predominant effect of Cl-on catalysis was to decrease the Km of the enzyme for ATP ( Fig. 1 and inset) .
Nitrate increased the Km of the enzyme for ATP (Fig. 2A) . Table I . B, Arithmetic plot of ATPase activity against ATP concentration. Activities in the absence ofADP and NO3-(0); activities in the presence of 10 mM N03-(0), 100 AM ADP (U), and 100 Mm ADP + 10 mM NO3-(A), respectively. The theoretical relationship between activity and ATP concentration (A) was calculated by assuming that the inhibitions exerted by 100 ;Mm ADP and 10 mM NO3-, individually, interact in a simple additive manner (see Table I for method of calculation). Fifty mM KCI were present throughout and ATPase activity was measured by monitoring the release of 32pi from [- 
32P]ATP.
Michaelis-Menten kinetics with respect to ATP concentration were approximated at all of the NO3-concentrations employed and a secondary plot of the results yielded a straight-line relationship with a K, value of 21.9 mM (Fig. 3) . Chlorate, a putative analog of NO3- (6) (Fig. 2B) . Inhibition of Basal ATPase Activity. The kinetics of inhibition observed above (Figs. 2 and 3) were obtained in the presence of 50 mM KCI. Similar kinetics of inhibition by NO3-were also obtained in the absence of KCI (Fig. 4) . The Ki value obtained in the absence of Cl1-stimulation (38.5 mM; Fig. 4 (Fig. 5) . However, ADP and NO3-neither interact cooperatively nor negatively during inhibition. The competitive effects of ADP and NO3-were additive ( Fig. 6 and Table I Protection from Irreversible Inhibition by NEM. NEM, a sulfhydryl reagent, inhibited the tonoplast ATPase with a k50 of 2.5 Mm but the inclusion of Mg.ADP or Mg.ATP in the NEMinhibition solutions significantly decreased the degree of inhibition exerted (Fig. 7A) . Mg. ADP was more effective than Mg. ATP as a protectant and ADP and ATP, alone, were less effective than their corresponding Mg2+-salts (Fig. 7A) . The protective actions of Mg. ADP and Mg. ATP indicate the presence of essential sulfhydryl groups at the active site of the ATPase whereas the greater efficacies of Mg.ADP and Mg.ATP over ADP and ATP alone suggest that Mg2' is required for efficient nucleotide binding.
Neither Cl-nor NO3-had a marked effect on the protective actions of Mg -ADP and Mg * ATP (Figs. 7B and 8A ). The most marked anion effect observed was a decrease in the protective action of Mg.ADP at low NEM concentrations when Cl-was included in the incubation media (Fig. 7B) . It was also found that Cl-and NO3-, alone and together, enhanced the inhibitory GRIFFITH ET AL. effect of NEM over that seen in their absence whereas SO42-had a protective action (Fig. 8B) . Anions are apparently capable of increasing or decreasing the accessibility of essential sulfhydryl groups on the ATPase but do not appear to influence substrate binding. DISCUSSION In the experiments described above the predominant effect of C1-was to decrease the Km of the tonoplast ATPase for ATP (Fig. 1) . While several authors (3, 5, 7, 21) (3, 9) . And, as shown by the stimulatory effects of ionophores, such as gramicidin D, nigericin or m-chlorocarbonylcyanide phenylhydrazone in combination with K+-valinomycin, on ATPase activity (14) , ATPdependent H+ translocation is subject to stalling by the pmf developed during the course of translocation. Thus, providing that the magnitude of the pmf is the determining factor (i.e. the vesicles are tightly coupled), the diminution of A^V/ by the influx of counter-anions will cause a corresponding increase in the rate of H+ translocation. Consequently, it would be expected that in the coupled condition the principal effect of Cl-is to increase pump turnover, and thence Vmax, even if Cl-decreases Km in the uncoupled condition, as found here.
The mechanism of action of Cl-remains elusive. The NEM protection experiments indicate that Cl-is not required for Mg. ADP or Mg ATP binding in so far as Cl-does not facilitate the protective action ofeither nucleotide (Fig. 7) . It therefore appears that the influence of C1-on the Km of the ATPase for ATP is exerted at some point in the catalytic cycle after substrate binding. However, interpretation ofthe NEM protection experiments is complicated by the fact that Cl-or NO3-, alone, increase the sensitivity ofthe enzyme to NEM over that seen in their absence, whereas S042-has a protective action (Fig. 8A) .
It has been known for some time that the H+-ATPase of tonoplast is inhibited by NO3- (7, 20) but its mode of action is unknown. Although it has previously been shown that ADP is a competitive inhibitor of the tonoplast ATPase (Ref. 2 and Fig.   5 ), our demonstration of competitive kinetics for N03-has not been reported before (Figs. 2-4) . However, NO3-and ADP do not appear to have similar mechanisms of action. Mg-ADP protected the ATPase from inhibition by NEM but NO3-exerted no protective action (Fig. 8) . The protective actions of Mg ADP and Mg * ATP are consistent with the presence ofessential sulfhydryl groups at the active site of the ATPase which are rendered inaccessible to NEM by substrate or product. By the same token, the lack of protection by NO3-is consistent with the interaction of this anion with a site distinct from the substrate binding site of the enzyme.
At the outset of this investigation we postulated that N03
exerts its effect in a competitive manner relative to ATP because of its trigonal planar geometry and therefore its structural similarity to the terminal phosphoryl group of ATP, by analogy with the mechanism proposed for the inhibition of creatine kinase by NO3- (13) . According to the scheme proposed by Milner-White and Watts (13) for creatine kinase, Mg. ADP and NO3-can both occupy the active site to form a dead-end complex that stereochemically simulates the transition-state complex of Mg ATP. In agreement with their scheme, NO3-in combination with Mg. ADP potentiated the protection of creatine kinase from inhibition by the sulfhydryl reagent iodoacetamide. We, however, could not find any evidence for such a mechanism for the tonoplast ATPase. Nitrate and ADP did not cooperatively inhibit ATP hydrolysis (Table I and Fig. 6 ) and NO3-did not potentiate the protective action of Mg-ADP against inhibition by NEM (Fig. 8) .
All of the anions capable of increasing the Km of the ATPase for ATP (SCN-, C104-and NO3-) are chaotropic whereas those which do not yield competitive kinetics (CH3COO-and S04-) are antichaotropic (Figs. 2 and 3 ). Chaotropes decrease water structure and, in agreement with the concept that the apolar groups of macromolecules form hydrophobic bonds because of their thermodynamically unfavorable interaction with water, the relative water structure-breaking properties of chaotropic anions are correlated with their ability to destabilize membranes and enzyme complexes (8) . Recent investigations demonstrate that the tonoplast ATPase is a multimeric complex comprising at least three different polypeptides (1 1, 12 ) and preliminary experiments show that this phosphohydrolase is markedly more sensitive to irreversible inhibition by 0.3 to 0.9 M concentrations of chaotropic anions than the tonoplast PPase (PA Rea, C. Bunyon, x-
